The Western Australian Anaesthetic Mortality Committee has collected data since 1980. During this time, reporting of anaesthesia mortality has been mandatory in Western Australia, confidentiality and legal protection have been ensured, consistent definitions and classifications have been used, and reasonable estimates have been available for the number of surgical procedures performed. The data indicate that there was a decrease in anaesthesia-related mortality in the mid 1980s. Since then the rates have been relatively stable, in relation to both population and number of surgical procedures performed. At present, the rates are extremely low (<1:50,000 surgical procedures per annum), and similar to rates reported from other Australian states. While these figures are encouraging, their main function is to serve as the baseline for further improvements.
In many parts of the world it has been difficult to assess anaesthesia mortality rates due to inconsistent definitions, incomplete reporting of anaesthesiarelated deaths, and unreliable estimates of the number of anaesthetics administered. However, in Western Australia, accurate data on anaesthetic mortality has been collected since 1980. In 1978 the Government of Western Australia introduced an amendment to its Health Act, in which it established an Anaesthetic Mortality Committee and introduced mandatory reporting of all deaths within 48 hours of an anaesthetic (as well as other deaths that the attending anaesthetist or any other medical practitioner considered were related to the anaesthetic) 1, 2 .
The composition of the Committee is determined by the Act to ensure wide representation from the anaesthetic community, with input from other medical specialties and disciplines involved in peri-operative care. Details of the functioning of the Committee have been published previously 3 . Briefly, the Act provides for an Investigator who has authority to obtain medical records of all patients who die within 48 hours of an anaesthetic (or who are otherwise considered to have died from the effects of an anaesthetic). The purpose of the Committee is to collect de-identified information for the benefit of the community. The confidentiality of all Committee deliberations is protected by legislation 2 . The Committee first met in September 1979 and has considered cases since January 1980. The definitions and classifications of anaesthetic mortality used by the Committee have been largely unchanged since that time. They are based on the classification first described by Edwards in 1956 4 , in which Category I identifies anaesthesia as the primary cause, Category II identifies anaesthesia as a contributing factor with some doubt as to whether it was the primary cause, and Category III indicates that both surgical and anaesthetic factors were involved 4 . Categories IV-VI identify factors in which anaesthesia played no part 4 . Using this classification, "anaesthesiarelated" includes Categories I-III, while "anaesthesia as the primary cause" is limited to Category I. This classification has been used also by the Australian National Health and Medical Research Council, and by the National Anaesthesia Mortality Committee, supported by the Australian and New Zealand College of Anaesthetists.
Given these conditions, it has been possible to obtain an accurate numerator for anaesthesia-related deaths since 1980. Accurate records for the population of Western Australia and for the number of surgical procedures performed each year in Western Australia have also been available over this time. This has made it possible to obtain an accurate denominator, in terms of both population and number of surgical procedures.
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Recently there has been debate about the current mortality risk of anaesthesia, and whether this risk has changed substantially over the last few decades 5 . The analysis of anaesthesia mortality rates in Western Australia provides an opportunity to shed light on this debate. The aim of this paper is to report the anaesthesia mortality rates in Western Australia over the 23-year period between January 1980 and December 2002.
METHODS
This report contains no confidential information, so ethical approval was not sought. Data was obtained from previously published reports. The first report of the West Australian Anaesthetic Mortality Committee (WAAMC) covered the period 1980-1984 6 . Subsequent reports were part of national triennial anaesthetic mortality reports published by the National Health and Medical Research Council (NHMRC) 1985-1987 7 , 1988-1990 8 , and the Australian and New Zealand College of Anaesthetists (ANZCA) 1991-1993 9 ; 1994-1996 10 ; 1997-1999 11 . The WAAMC provided the Western Australian data for these national reports. In addition, previously unpublished data for the 2000-2002 triennium were collated using the same methodology as for the previously published reports.
These data were used to obtain the numerator for anaesthesia mortality. Anaesthesia as the "primary cause" of death was defined as death classified under Category I of the Edwards classification 4 . "Anaesthesia-related" deaths were defined as deaths classified under Categories I, II, or III of the Edwards classification 4 .
Data on the population of Western Australia was obtained from the Australian Bureau of Statistics 12, 13 . The number of surgical procedures performed was obtained from the Western Australian Department of Health database, which has coded all separations from Western Australian hospitals, both public and private, since 1970. The number of surgical procedures was calculated by obtaining the total number of separations from hospitals and subtracting separations in which medical, diagnostic, or no procedures were performed (personal communication, Western Australian Department of Health). The anaesthesia mortality rates for each report period were then calculated in relation to both the pertaining Western Australian population, and the number of surgical procedures performed.
RESULTS
In 1980, the population of Western Australia was about 1.28 million. This increased approximately 1.4% per annum over the next 22 years. In 2002 the population had increased to about 1.93 million. In 1980, the number of surgical procedures performed was 115,476. This increased to 321,400 by 2002. The total number of surgical procedures performed over the period January 1980 to December 2002, a period of 23 years, was 4.69 million.
The data for number of deaths with anaesthesia as the primary cause, and the total number of anaesthesiarelated deaths for each report period are given in Table 1 . Table 1 
DISCUSSION
The results indicate that the anaesthesia mortality rate in Western Australia is extremely low, and has been relatively stable since 1985. Since 1985, the annual rate has ranged between 1.2 and 2.9 deaths per 100,000 surgical procedures per annum. Given that the rate was 6.5 per 100,000 procedures per annum for the earlier period between 1980 and 1984, it appears that there was a reduction in anaesthesia-related mortality in the mid 1980s (Table 1, Figures 1, 2 ). Since 1997, the annual anaesthesia-related mortality rate has been lower than one for every 50,000 surgical procedures. The rate for anaesthesia as the primary cause of death has been even lower ( Figure 3 ). All anaesthesia mortality rates are prone to several potential sources of error, and must be interpreted with caution. Most importantly, the classification of peri-operative deaths as being anaesthesia-related is always a matter of opinion. While there are some objective criteria (i.e. that death follows the administration of an anaesthetic), deciding to what extent, if any, the anaesthetic contributed to the death is a subjective process. Nevertheless, the classifications provided by the WAAMC have always been a consensus view by an informed, blinded, and unbiased group. Permanent members of the Committee have included nominees from the West Australian Executive Director of Public Health (or previously the Commissioner of Health), the Regional Committee of the Australian and New Zealand College of Anaesthetists (or before 1992 the Faculty of Anaesthetists, Royal Australasian College of Surgeons), the West Australian branch of the Australian Society of Anaesthetists, the West Australian branch of the Australian Medical Association, and the University of Western Australia, as well as at least two provisional members drawn from the West Australian branches of the Royal Australian College of General Practitioners, Royal Australasian College of Surgeons, Royal Australasian College of Obstetricians and Gynaecologists, Australian Dental Association, and Australian Nursing Federation. Only the Chairman and Investigator have had access to any information that would identify the patient, anaesthetist, or even the hospital involved. As such, the classification of deaths as anaesthesia-related are likely to be as consistent and reliable as any previously reported.
Variations in the definition of anaesthesia mortality may also be a source of error when comparing rates or assessing trends. For example, many studies have considered deaths only within 24 hours of an anaesthetic, while others have included deaths up to 30 days postoperatively 14 . Even within the Australian National Anaesthetic Committee reports, the time period for defining anaesthesia-related deaths has varied between states. However, this has not been a source of error for the WAAMC, because it has used the same definitions and classifications consistently since its inception.
Obtaining an accurate numerator for anaesthesiarelated deaths has always been difficult. Most previous Western AustrAliAn AnAesthetic MortAlity reports have relied on voluntary reporting, which always carries a risk of under-reporting. Moreover, a lack of confidentiality and fear of public exposure, censure, or even litigation, may limit the number of deaths voluntarily reported. However, in Western Australia, reporting of all deaths related to an anaesthetic has been mandatory, and there has been no fear of breach of confidentiality, due to the legal protection afforded to the Committee, and the deidentified nature of its deliberations. It is not possible to be sure that all anaesthesia-related deaths in Western Australia were reported to the Committee, particularly those deaths occurring after 48 hours. Nevertheless, the relatively small and isolated nature of the Western Australian anaesthetic community meant that few, if any, unreported anaesthesiarelated deaths would be missed by the Investigator. The Investigator could then request the anaesthetist involved to provide a report, and would also have access to the patent's records. Since the inception of the WAAMC, there have been no cases when an anaesthetist has refused to provide a report.
Mandatory reporting of deaths within 48 hours of an anaesthetic over the period 1980-2002 has been particular to Western Australia. In New South Wales, the Special Committee Investigating Deaths Under Anaesthesia (SCIDUA) has received notification from the State Coroner's office of all deaths occurring "under, as a result of, or within 24 hours of anaesthesia", almost continuously since 1960 15 . The Committee has then requested information from the anaesthetists involved. Responses by anaesthetists have been voluntary. However, there has been a consistently high response rate (>90%). In other states and territories there has been mandatory reporting of anaesthesia-related deaths to State Coroners. The State Committees assessing anaesthesia mortality have had access to reports from State Coroners, although the arrangements have differed between states, and have been less formal than in New South Wales. Reporting by anaesthetists to these State Committees has also been voluntary. Details of reporting mechanisms for each state and Territory are summarised in appendices to previous National Anaesthesia Mortality Reports [9] [10] [11] . Most other large, non-institutional anaesthesia mortality reports have also relied on voluntary reporting. For example, the Confidential Enquiry into Peri-operative Deaths in the United Kingdom (CEPOD) relied on responses to questionnaires 14 .
Several recent anaesthesia mortality reports have used institutional data from a group of hospitals, or from a hospital network. These have been able to obtain accurate numerators and denominators for the calculation of anaesthesia mortality, and have questioned the low rates from larger national reports. For example, Lagasse recently reported an anaesthesia-related mortality of 1:13,000 in a group of hospitals in New York 5 . Similarly, Arbous and colleagues reported a mortality rate of 1.4 per 10,000 anaesthetics in the Netherlands 16 . However, it is possible that these studies (and other institutional studies) have involved a higher proportion of highrisk cases than national averages. Therefore, it is difficult to fully interpret their data. In contrast, the WAAMC data includes all risk categories.
An important aspect of the WAAMC is the confidentiality of its information. None of the information used by the Committee is admissible in any court, with the exception of the State Coroner's Court 2 . For this reason, any case being investigated by the State Coroner has not been considered by the Committee until after the investigation has been completed. The Committee obtained protection from provisions of the West Australian Freedom of Information Act introduced in 1992 17 , through provisions of the Health Services (Quality Improvement) Act, 1994 18 .
In order to calculate an accurate anaesthetic mortality rate it is necessary to have not only an accurate numerator, but also an accurate denominator of the number of anaesthetics performed. This is often not possible unless data from a particular hospital (or group of hospitals) is being studied. Often an estimate is used, based either on population data, or the number of surgical procedures performed. The use of surgical procedures is not ideal, because it includes procedures performed under local anaesthetic, and misses anaesthetics performed for medical or diagnostic procedures such as endoscopy. It is a potential weakness of the WAAMC data that the denominator does not include anaesthetics for nonsurgical procedures. Nevertheless, the overall effect of this weakness would be to overestimate anaesthetic mortality. This is because any anaesthesia-related deaths would be included in the numerator (due to mandatory reporting by anaesthetists), without inclusion of all the non-surgical procedures in the denominator.
For much of the period of this report, medical and diagnostic procedures were performed mostly without sedation, or with sedation provided by nonanaesthetists. While it would be of interest to collect mortality data related to these procedures, conscious sedation is not considered an anaesthetic under the provisions of the Western Australian Health Act. Therefore, mortality related to sedation by non-anaesthetists was not within the terms of reference for the WAAMC.
The earlier national reports of anaesthesia mortality in Australia used a rough estimate for the number of anaesthetics performed annually, which equated to about 10% of the Australian population 7, 8 . Since 1993, the denominator has been based on the number of surgical procedures performed annually, using data provided by the Australian Institute of Health and Welfare 19 . These data have indicated a steady increase in the ratio of the number of surgical procedures performed per year in relation to the Australian population 20 . For example, for the period 1997-1999, it approached 19% of the population. The figures from Western Australia show a similar trend. In 1980, the number of surgical procedures was approximately 9% of the population 11 . By 2002, the number of surgical procedures performed had increased to nearly 17% of the population 12 .
It is natural when considering anaesthetic mortality, to look for factors that might influence the risk. Most previous reports have described the demographics of anaesthesia-related deaths in terms of gender, age, physical status and type of operation, and have sub-classified anaesthesia factors that may have contributed to the deaths. However, it is rarely possible to make any definitive inferences from analyses of this type, particularly from smaller studies. This is because the effect of demographic factors cannot be assessed without specific denominators for each factor. For example, it is not possible to assess the effect of age without age-specific data for the surgical population at the time. Similarly, the effect of physical status cannot be assessed unless the physical status of all patients in the denominator is known. Moreover, because anaesthesia mortality is extremely rare, very large numbers of patients must be studied before it is possible to relate any particular factor to anaesthetic mortality, let alone prove causation 21. To have an 80% chance of detecting a halving of a mortality rate of 1 in 50,000, using a two-tailed test with a=0.05, a study of over 4 million anaesthetics would be required 22 . To detect a 10% reduction, the number would be much higher still. For these reasons, this information is not presented in the current report. General information of this type can be obtained from previous reports of the WAAMC, or from Australian National Anaesthetic Mortality Reports, to which the WAAMC has contributed [6] [7] [8] [9] [10] [11] .
Anaesthesia-related mortality can be further classified into anaesthesia as the 'primary cause' and anaesthesia as a secondary cause. This introduces further subjectivity, because it relies on additional opinion. For this reason, the general classification of 'anaesthesia-related' might be more reliable than the sub-classifications. Our data indicate that while 'anaesthesia-related' mortality has been relatively stable since 1985 (Figures 1, 2) , the rate of anaesthesia as the primary cause of death has decreased over this period (Figure 3 ). However, due to the extremely low rates involved, it is not possible to 'prove' (in terms of statistical significance) that a reduction has occurred 22 .
The low anaesthesia-related mortality rates in Western Australia since the mid-1980s are similar to the rates reported from other Australian states over this time [8] [9] [10] [11] . Western Australia is comparable to other Australian states in both funding and delivery of health care 23, 24 . Australia is also typical of many developed countries in terms of both health expenditure and health outcomes 25 . Therefore, the rates reported from Western Australia should be indicative of what can be expected or achieved in developed countries over this time. The rates are similar to those reported from other developed countries such as the United Kingdom 14 , Canada 26 , Finland 27 and Japan 28 since 1985. Most of these rates are substantially lower than those reported prior to 1980 29 . When considered together, these later reports provide convincing evidence of a sustained reduction in anaesthesia-related mortality in developed countries since the early 1980s. Although there could have been some doubt about reductions in anaesthesia mortality 15 years ago, as expressed in an editorial by Keats 30 , the current rates appear to be substantially lower than those reported prior to 1980.
It is not possible to determine the cause of the apparent reduction in anaesthesia-related mortality during the 1980s. The possible contributing factors include the introduction of routine pulse oximetry and end-tidal CO2 monitoring in the late 1980s, and improved postoperative care in recovery rooms, high dependency units, and intensive care units. Other possible contributory factors include improved anaesthesia training and safer anaesthetic agents. The introduction of improved equipment for airway management, particularly the laryngeal mask airway may also have played a part. During this time there has also been an increased emphasis on anaesthetic safety through continuing medical education, development of policies and guidelines, quality improvement, critical incident reporting and audit. It is not possible to prove that any one of these factors is responsible for the current low levels of anaesthesia mortality. It is noteworthy that in many developing countries, without the benefit of these advances, the anaesthetic mortality rate is up to 100 times that reported in developed countries 31 .
The publication of anaesthesia mortality rates serves several purposes. Anaesthesia as a specialty is constantly attempting to improve its level of safety. Knowing the current mortality rate provides a baseline from which to assess further developments or improvements, and to detect any deviations that may indicate a reduction in safety. The information is also of considerable interest to individual patients and the community in general. Most importantly, the mandatory but confidential scrutiny of all perioperative deaths for potential anaesthetic causes, should positively affect the practice of all anaesthetists. Feedback to anaesthetists of summary information is important to maintain the culture of reporting of anaesthetic-related deaths, and to involve all anaesthetists in the collective endeavour to further reduce anaesthesia mortality rates.
In summary, although all anaesthesia mortality rates have limitations, the rates reported from Western Australia are likely to be as accurate as from any other source. They cover the longest period of mandatory reporting, with confidentiality and legal protection, consistent definitions and classification mechanisms and reasonable estimates of the number of surgical procedures in the denominator. The rates indicate that there was a decrease in anaesthesia-related mortality in Western Australia between the early 1980s and the late 1980s. Since then the rates have been relatively stable in relation to both population and number of surgical procedures performed. There appears to have been a recent trend to fewer deaths wholly attributable to anaesthesia. At present the Western Australian anaesthesia mortality rate is extremely low (<1:50,000), and is similar to rates reported recently elsewhere in Australia and from many other developed countries. While these figures are encouraging for both the anaesthetic and general community, their main function is to serve as the baseline for further improvements.
